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TOA Rad. Refl. OLI — Planet
L8_OLl vs S2_MSI Rad. Correction
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a2 USGS
PlanetScope GEOTIFF SR file information

{"atmospheric_correction": {"aerosol model": "continental"”
"aot _coverage": 0.5
"aot_mean_quality": 1.0

"aot_method": "fixed"

"aot_source"”: "mod@9cma"

"aot_status": "Data Found"

"aot_std": ©.0021659541055997905 "satellite_azimuth_angle™: 0.0
"aot_used": 0.01755555470784505 "satellite_zenith_angle”: 0.0
"atmospheric_correction _algorithm":"6Sv2.1" “solar_azimuth_angle™: 150.32522363
"atmospheric_model": "water_vapor_and_ozone"  "solar_zenith_angle": 55.4013318347
"luts_version": 3 "sr_version": "1.0"

"ozone coverage": 0.5 "water_vapor_coverage": 0.5
"ozone_mean_quality": 255.0 "water_vapor_mean_quality”: 1.0
"ozone method": "fixed" "water_vapor method": "fixed"
"ozone:source": "mod@9cmg" "water_vapor_source"”: "mod@9cma”
"ozone status": "Data Found" )2 "water_vapor status"”: "Data Found"
"ozone_std": 9.0 "water_vapor std": 0.0099380845107

"ozone_used": 0.2924999925825331 "water_vapor_used”: ©.51888889736}}
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100 x 100
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AEROMNET Data Type:

Data Display Controls NASA Gom smm FUGHI' CENTER
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MName

. AERONET

. Planet -

| Sentinel

L8 OLI

LCO8_L1TP_116034_20180202_20180220_01_T1_MTLtxt
LCO8_L1TP_116034_20180202_20180220_01_T1_sr.ndr
 LCO8_L1TP_116034_20180.202_20180220_01_T1_srimg
LCO8_L1TP_116034_20180.202_20180.220_01_T1_toa_bandl.hdr
LCO8_L1TP_116024_20180202_20180220_01_T1_toar.hdr
 LCO8_L1TP_116034_20180202_20180220_01_T1_toar.img
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L8 OLI Image resampling PlanetScope
E, Eq+30

N, |

100 x 100
(30 m pixel)
Center : AERONET

1000 x 1000
( 3 m pixel)



L8 OLI No Image Shift PlanetScope
30m native Resampled to 30m
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L8_OLlI Image Shift PlanetScope
( AE. AN ) E0+AE+3O
E, ’ E,+AE
N, +AN
N,+AN+30

100 x 100 1000 x 1000
(30 m pixel) ( 3 m pixel)
Center : AERONET



g Easting : -3 pixel (-9 m )

Northing : 8 pixel ( 24 m )

AN=-30
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04 Surface Reflectance ( 5 R )
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0.2

0.1

aot=0.014(0.04A), cwv=0.52(0.40A), 0z=0.29
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0.0 0.1 0.2 0.3 0.4
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Image Shift
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durface Reflectance { © R
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Planet
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L8_OLl : got= 0.0182, cwv= 0.4700, ozone= 0.2925 L8_OLI : aot=0.018(0.04A), cwv=0.47(0.40A), 0z=0.29




SR apparent mismatch Strictly speaking, mismatch in SR will cause

=>» error in the downstream application
ONDVI 2
2= (- .
(onpyvI)= ( dPR |pR:pNIR GPR)

N (aNDVI )2
dpnigr PRPNIR Opnir

0.52(0.40A), 0z=0.29

* Georeferencing error ? =» Checked

Other reasons for the mismatch?

0.014(0.04A), cwv

* Spectral Response

* Atmospheric Correction

* Improper Radiometric Correction
( Stray light, post-launch drift )

aot=

Planet :

O‘.Oiliilllli,o:1i.‘!l.l .‘-0‘2..,‘,,.‘.,1,0.13.‘!.1111110;4
L8_OLI : aot=0.018(0.04A), cwv=0.47(0.40A), 0z=0.29
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Spectral Response Function Issue
The Correction factor should be different for

* varying reflectance (dark to bright)

* different classes (spectral shape)

* different bands (channels)

- ldeally, (1) extensive modeling study (2)classification

(3) apply varying degree of correction based on (1) & (2)

(it is very difficult, if not impossible )

=>» Let’s leave it uncorrected. This effect definitely adds
substantial uncertairﬁin SR comparison
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File Help

|Gen | OLI | opt [ACSim[ [/ |Image

‘ Update Aux ] [ Create SR0 image ] @ @

| Soil__| veg | Utban =~ == =
EldiShad Water | Gen | oul | opt |ACSim|<|* |Gen | ou | opt |acsim|«[*| [Gen | ou | opt | ACSIm [<]»
: - .
: - OLl processing
Cloud: B1 1000 i
- ) r Spectra display control [UpdateAuxl [CreateSFi{]imagel r Manual adjust seomeny
Cloud: SWI16/SW21 < 20 ; SRl _ ) SzA 40 T LatDMS: N 38 34 04
= - | Soil | Veg | Urban c 00296 -
: 1000 @ (@) < _veqg. W H .
Shadow: NIR < Q) OLl CVAOT g VZA - 652 « 'E , LonDMS: W 07 54 43

Cloud: B1 = 1000

C_soil: 0.0485 scar 1A (R buffer (e.g 100 > 100x100) : 100
AOT: 01151 SAA 147 136 ;148 [ Aeronet site subsampling ]
cyF:  0.0545 [ SR comparison OLI - Planet ]

P @AC (ta ®cet Eou TOAR comparison OLI - Planet

| Classify || Derive_EM || Lib_EM |

Create AOTimg |()NM @LM

DDV (()B/R (@ EndMem

kemel: 1 4 ’E II’

band: max[NlR v]norm [G

Cloud: SWI16/SW21 < 20

Cld/Shad Water !

l Dump spectra “ Make hdr files I Shadow: NIR < 1000

N .

[TIcollect []TOAR [ |Norm

| Classify || Derive EM || Lib_EM |

del_AOT %01 Uncertainty ? [¥] Yes

- Image control om0t ma | ONM @M o EMadj 0.1 Red_adj 1.0 Surface : |Vegetation «
i — = - AVIRIS processing
< |Stratch 0.03 - i Atmosphere
© - [ |Feedback parameters P

| | AOT:010 « W]  » | Sol_Edfor AVIRIS |

Lastsp: [ |Evaluate [¥]Optimize

()Dbv  ()B/R (@ EndMem

AOT image arrays .

i vegl: 425105280
Geographic Layers |:| Collect |:| TOAR |:| N e @ P
- LAS Y_maxAQT Plot : 0.3 soil0: 41591015723
G i 001 . o
" G EROS100_toar [ | del_AOT Uncertainty ? [V Yes AT 02 03 [em/atm] = 0.335

- -G EROS100_s10

- -1 EROS100_class

i S S IETNEY
. X1 EROS100_aot_BR

. (-1 EROS100_aot_DDV
...:A Shape

? H20 [g/em2] = 0.76
‘ Lastsp: [ |Evaluate [ Optimize [g ]

< | 1 | »
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(Gen [ou [opt |AC |etc | |Image

- Geometry

SZA : 52 < Iy »
VZA : 652 <« (] b

SCAA: 127 « 1N 3

SAA 160 [sA ] 136 /148

@AC (tau

()Cot ()OLI

Surface :

rMNEekEE

Bare soil pixel

- Atmosphere

AOT: 0.018 ¢ [ii] >
Pres: 944 ¢ @ b
03 [cm_atm] = 0.292

H20 [g/cm2] = 047

Geographic Layers

= Image x
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=> AOT (CWV, O,) in AC
should be no issue !




. aot= 0.0182, cwv= 0.4700, ozone= 0.2925
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PlanetScope
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(One day ahead,
similar local time)

OLI vs MSI OLlI vs Planet
Easting : -1 pixel (-10 m)  Easting : -3 pixel (-9 m)

Northing : 2 pixel (20m ) Northing : 8 pixel ( 24 m )



(0, 0) No Image Shift (-1, 2) =2 (-10m, 20m) Image Shift

Sentinel2 MSI
Sentinel2 MSI
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TOA Radiance

Pre-launch calibration
On-orbit monitoring, cor_rec/'cion

Straylight correction, ...

o’

TOAR

Earth-Sun distance

Solar zenith angle

Solar Flux (irradiance)

=>» all, precisely know
~ no uncertaint
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Overall spectral pattern looks decent.

It is not easy to really screw up AC !!!
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Radiance Invariance Law
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Denver, CO

Correction coefficients € derived from Denver image
for Camera ID 1018
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Rapid City, SD
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LaSRC (OLI AC) :
(1) solar & view geometry (6s,0v,Ad)

# (2) image-derived ( Tasso )
=y __W\H_,IM'NNESOT [(3) external data (P, H20 , O,) mobis

LAXF TRAVERSE —
R MATION
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e ,
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.,'/ g

Forget about external data (water vapor, ozone)
but, focus on the AOT algorithm!
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DEM Lat/Lon grid
7200 x 3600 A=0.05°
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Strong Ozone absorption
Low Ozone Transmission

Weak Ozone absorption
High Ozone Transmission

Weak CHL signature

Strong CHL signature

Varying vegetation signature strength (spatio-temporal)
& varying ozone amount mutually compensate!

No unique ozone solution ! = infinite solutions

Vegetation pixel is not useful for ozone inversion !



Sand (soil, road, asphalt, ... ) with straight spectral feature

=» may provide a chance to estimate ozone!

Overestimated Ozone

4 known bands : B1, B2, G, R
2 unknowns : AOT, ozone

Non-liner optimization

Underestimated Ozone Simultaneous solution of
AOT & ozone

The question is :
Does a (sand, soil-like) spectra have a straight or constant universal spectral curvature ?



Railroad Valley Playa

Google Earth
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Final Uncertainty Associated with RadCalNet Data _

Channel Cl C2 C3 C4 C5 Cé6 9% C8
Wavelength | 400 450 500 550 650 850 1000 1550
(nm)

Combined
uncertainty
fjft‘l’f‘ag(‘)’A 35% | 34% | 34% | 33% | 32% | 33% | 32% | 32%
reflectance
from GVR
Uncertainty
associated
with 40% | 3.1% 2.6% 2.2% 2.0% 1.8% 1.8% 1.7%
picking the
spectrum
s
Combined
uncertainty
associated
with BOA
RadCalNet
product

53% | 4.6% 4.3% 4.0% 3.8% 3.8% 3.7% 3.6%

T2-UncertaintySummaryReport-RVUS.pdf



BOA Reflectance (Railroad Valley Playa) it

(Intra-day & daily variation combined)
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Summary : Ozone mitigation

(1) Sand-like EM-based approach allows ozone estimation
(2) Unique spectral curvature does not exist (only site specific Pl)
(3) Blind use of global average ( 300-350 DU) creates
acceptable error ( ~ 1% relative error)
(4) Considering TOA & BOA measurement uncertainty ( ~4-5%)
1% relative reflectance error is definitely acceptable!

(5) No worry, there always will be ozone satellite! J
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Atmospheric Transmission (%)

SWIR2.1 band

Need for 940 nm H,O band
in future L10
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